ABSTRACT: Cinnamaldehyde (CIN), a natural chemical compound found in the bark of cinnamon trees, can alter rumen fermentation by inhibiting selected ruminal microbes, and consequently, may improve growth performance and feed efficiency of animals. The objective of this study was to evaluate the effects of supplementing the diet of feedlot cattle with CIN on intake, growth performance, carcass characteristics, and blood metabolites. Seventy yearling steers (BW = 390 ± 25.2 kg) were assigned to a randomized complete block design with 5 treatments: control (no additive), monensin (MO; 330 mg·steer −1 ·d −1 ), and 400, 800, or 1,600 mg of CIN·steer
INTRODUCTION
The use of antibiotics such as ionophores in animal feeds is facing reduced social acceptance because of the appearance of residues and resistant strains of bacteria that may pose a risk to human health. Accordingly, plants and their extracts such as essential oils (EO) are being evaluated by several research groups worldwide as possible alternatives to ionophores .
One potential EO of interest is cinnamon oil (Cinnamonum cassia). Cinnamaldehyde (CIN), a phenylpropanoid with antimicrobial activity, is the main active component of cinnamon oil, accounting for up to 75% of its composition (Calsamiglia et al., 2007) . Cardozo et al. (2004) suggested an inhibition of peptidolysis of rumen microorganisms by cinnamon oil. Ferme et al. (2004) reported that adding CIN to in vitro fermentation reduced the concentration of Prevotella spp., a group of bacteria known to be involved in deamination.
It was observed that CIN reduced the molar proportion of acetate and increased the proportion of propionate, and the effects of CIN on rumen VFA profiles occurred in a dose-dependent manner (Busquet et al., 2005a) . In an animal study, supplementation of dairy cow high-forage diet with CIN did not modify rumen VFA profiles , whereas feeding a mixture of EO containing 67% CIN and 33% eugenol to beef heifers fed a high-concentrate diet reduced acetate proportion and increased propionate proportion, which is efficient for beef production (Cardozo et al., 2006) .
We hypothesized that supplementation of CIN may alter rumen microbial activity and rumen fermentation of beef cattle fed a high-concentrate diet. The objective of this study was to determine whether CIN can be used as a feed additive in feedlot cattle diets to improve production efficiency. Hence, we evaluated the dose response of cattle to CIN by measuring feed intake, growth rate, feed efficiency, carcass characteristics, blood metabolites, and acute phase response.
MATERIALS AND METHODS
The study was conducted in the Individual Feeding Facility at Agriculture and Agri-Food Canada's Research Centre in Lethbridge, Alberta. The study received approval of the institutional Animal Care Committee and was conducted in accordance with the guidelines of the Canadian Council on Animal Care (1993).
Animals and Housing
Seventy yearling Hereford-Angus crossbred steers (initial BW 390 ± 25.2 kg) were purchased from a commercial auction mart and housed in individual pens (4.9 × 1.8 m) bedded with straw in a sheltered, unheated barn 2 wk before starting and during the entire experimental period. Each animal had free access to water. The cattle were given 2 wk to adapt to the individual pens before starting the experiment. During the acclimation period, the steers were given an ear tag and vaccinated with a modified live vaccine for infectious bovine rhinotracheitis and parainfluenza 3 viruses (SmithKline Animal Health, Mississauga, Ontario, Canada), dewormed, and castrated. Daily feed intake, BW change, and blood metabolite variables were measured for individual animals in this facility. At the start of the experiment, the initial BW of cattle was determined from the average of weights on 2 consecutive days. Animal BW were also obtained on d 28, 56, 84, 112, and 113 . The average weight on 2 consecutive days was used as the final BW.
Experimental Design and Treatments
The experiment was designed as a randomized complete block design. At the start of the experiment, steers were blocked according to BW and assigned to 14 blocks of 5 cattle. Within each block, cattle were randomly assigned to 1 of the following treatments: 1) control (no additive), 2) monensin (MO; 330 mg·steer ) . The CIN and MO additives were mixed into a portion of the concentrate and provided once daily as a top-dressing to the total mixed ration (TMR) from d 1 to 112. The top-dress was consumed in its entirety on most days because the amount of feed offered was adjusted daily to minimize refusals.
Diet and Feeding
The diets used were typical of diets fed in commercial feedlots in western Canada and consisted (DM basis) of 9% barley silage, 86% dry-rolled barley grain, and 5% supplement. The supplement contained the supplemental protein source and provided minerals and vitamins in excess of the National Research Council (NRC, 1996) nutrient requirements for beef cattle with an ADG of 1.5 kg/d. Diet composition is given in Table 1 . The steers were adapted to the finishing diet over a 4-wk period before starting the experiment by feeding a series of transition diets, each fed for 5 d. The transition diets were composed of increasing levels of barley grain: 45, 55, 65, and 75% of TMR (DM basis). The cattle received a final transition diet consisting of 86% barley grain 1 wk before the experiment started. This gradual adaptation attempted to minimize the stress on the cattle while adapting to the facility and finishing diet. The diets were prepared daily using a feed mixer (Data Ranger, American Calan Inc., Northwood, NH), and a TMR was offered once daily at 0930 h for ad libitum intake. Steers were fed the finishing diets for 112 d, achieving an approximate slaughter weight of 580 kg.
Measurements and Sample Collection
Quantities of feed offered and refused were recorded daily for each steer. Samples of dietary ingredients, diets, and refusals were collected weekly and subsampled for determination of DM content. The feed intake was calculated daily for each steer as the DM offered minus the DM refused. Weekly samples (ingredients, TMR, and refusals) were pooled over 4-wk periods, mixed, subsampled, and dried in the oven at 55°C for 48 h. The dried samples were then ground through a 1-mm screen and stored for chemical analysis. Steers were weighed at the start and the end of the experiment and at 4-wk intervals during the experiment. The ADG was determined for each 4-wk period and for the overall experiment by subtracting initial BW from BW at the end of the period or experiment and dividing by the number of days. Feed efficiency was determined as the ratio of ADG to DMI.
At the end of the experiment, steers were shipped approximately 250 km to a commercial abattoir where carcass data were recorded. Hot carcass weights (with kidneys removed), 12th-rib fat thickness, LM area, marbling score, and quality grade were obtained for each carcass at slaughter. Dressing percentages were calculated individually as HCW divided by final BW × 100. Marbling score was estimated according to pictorial standards from 1 (devoid) to 10 (abundant marbling; USDA, 1989).
Blood Sampling and Analyses
Feeding beef cattle diets rich in readily digestible carbohydrate is associated with the release of large amounts of endotoxin, a cell-wall component of all gram-negative bacteria, in the rumen fluid (Emmanuel et al., 2008) . It is reported that the translocation of endotoxin into the circulatory system has been implicated to be associated with multiple perturbations of different plasma metabolites and to initiate the synthesis of acute phase proteins (Ametaj et al., 2005) . Adding the CIN in the finishing diet was expected to have bacterial alterations in the rumen due to its antimicrobial activity, thus possibly changing the amount of ruminal endotoxin, which would have variation in blood metabolites and blood acute phase proteins due to CIN addition. Blood samples were collected before feeding at 0930 h on d 0, 28, 56, 84, and 112 by jugular venipuncture into two 10-mL vacuum tubes containing Na heparin, and one 10-mL vacuum tube without additive (Vacutainer, Becton Dickinson, Franklin Lakes, NJ). Samples were centrifuged (5,000 × g for 20 min at 4°C) within 20 min, and collected plasma and serum were frozen at -20°C until analyzed.
A subsample (1 mL) of the plasma was centrifuged at 16,000 × g for 2 min at 4°C to remove fibrinogen, and the supernatant was analyzed for glucose and urea N using a dry chemistry analyzer (VetTest analyzer, model 8008, IDEXX Lab, Westbrook, ME). Concentrations of serum NEFA were determined using a commercially available enzymatic colorimetric procedure [NEFA-HR (2), Wako Chemicals Inc., Richmond, VA].
Concentration of serum amyloid A (SAA) in the plasma was determined using commercially available bovine ELISA kits (Tridelta Development Ltd., Greystones Co., Wicklow, Ireland) according to the manufacturer's instructions and as described by McDonald et al. (1991) . All samples including standards were tested in duplicate. Samples were initially diluted 1:500. Optical density values were read on a microplate spectrophotometer (MRX Microplate Reader, Dynatech Laboratories, Chantilly, VA) at 450 nm. The intraand interassay CV were below 10%. According to the manufacturer, the detection limit of the assay was 0.18 ng/mL.
Concentration of haptoglobin in plasma was determined using bovine ELISA kits (Tridelta Development Ltd.) as described by Godson et al. (1996) , using a pool of bovine serum as the standard. All samples including standards were tested in duplicate. Optical density values were read on the MRX Microplate Reader (Dynatech Laboratories) at 630 nm. The intra-and interassay CV were below 10%, and the detection limit of the assay was at 0.05 mg/mL.
Concentrations of lipopolysaccharide binding protein (LBP) in plasma were determined with a commercially available ELISA kit that cross-reacts with bovine LBP (Cell Sciences Inc., Norwood, MA). Plasma samples were initially diluted 1:1,500, and samples with optical density values less than the range of the standard curve were diluted 1:1,200 and reassayed according to the manufacturer's instructions. The optical density at 450 nm was measured using a microplate spectrophotometer (model Spectra Max 190, Molecular Devices Corporation, Sunnyvale, CA). The concentration of LBP was calculated from a standard curve of known amounts of human LBP.
Chemical Analysis
All chemical analyses were performed on each sample in duplicate. If the CV for the replicate analysis was >5%, the analysis was repeated. Dry matter was deter- Anise 420 Power, Canadian Biosystems Inc., Calgary, Alberta, Canada.
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mined by oven-drying at 55°C for 48 h. Analytical DM content of the samples was determined by drying at 135°C for 2 h (AOAC, 1990; method 930.15). Ash content was determined by combustion at 550°C overnight, and OM content was calculated as 100 minus the percentage of ash (AOAC, 1990; method 942.05) . The NDF and ADF contents were determined using the methods described by Van Soest et al. (1991) with α-amylase and sodium sulfite used in the NDF procedure. For the measurement of starch and CP (N × 6.25), samples were ground using a ball mill (Mixer Mill MM2000, Retsch, Haan, Germany) to a fine powder. Starch was determined by enzymatic hydrolysis of α-linked glucose polymers as described by Rode et al. (1999) . Nitrogen was quantified by flash combustion with gas chromatography and thermal conductivity detection (model 1500, Carlo Erba Instruments, Milan, Italy).
Statistical Analysis
The data related to the DMI were averaged weekly and analyzed using the mixed model procedure (SAS Institute Inc., Cary, NC) as a split-plot experimental design with fixed effects including treatment, period (weekly for Figure 1 , 4 wk for Table 2 ), and their interaction and steers within treatment and week within period as random effects in a repeated statement using compound symmetry as the variance-covariance error structure. For other measured variables, data were summarized by period and for the overall experiment. The data were analyzed using the same mixed model procedure of SAS as a split-plot design with treatment, period, and their interaction as fixed effects and steers within treatment as random effects. Specific preplanned contrasts were used to assess the effects of CIN (control vs. all levels of CIN) and MO (control vs. MO) to determine the linear or quadratic response to increasing CIN dose. Treatment effects were declared significant at P < 0.05, and trends were discussed at 0.05 < P < 0.10, unless otherwise stated.
RESULTS

Intake, Growth Performance, and Carcass Characteristics
Period effects were evident for most variables (except Hp and LBP), and period × treatment effects occurred Weekly DMI change by steers fed diets consisting of 9% barley silage, 86% dry-rolled barley grain, and 5% supplement (DM basis) and supplemented with cinnamaldehyde (CIN; Phodé S.A., Albi, France) at 0 (control), 400 (low), 800 (medium), and 1,600 mg·steer −1 ·d −1 (high) CIN or 330 mg·steer −1 ·d −1 monensin (Rumensin 80, Elanco Animal Health, Indianapolis, IN). Treatment × week, P < 0.001. Means differed between control and low CIN on wk 1 (P = 0.04), between control and low (P = 0.04) or medium CIN (P = 0.05) on wk 2, and tended to be different between control and low CIN on wk 3 (P = 0.07), wk 4 (P = 0.06), and wk 5 (P = 0.08). Pooled SEM = 0.19; n = 14 steers per treatment.
(SAA, blood urea N) or tended to occur (G:F, P = 0.09; NEFA, P = 0.14; ADG, P = 0.18) for other variables; thus, the data are presented by treatment within period through all the tables.
Dry matter intake did not differ (P = 0.85) among the 5 treatments groups before starting the experiment, averaging 7.3 kg/d (Figure 1 ). During the first wk of the experiment, DMI declined (P < 0.01) relative to the previous week by 27% for control steers, 11% for medium CIN, 10% for high CIN, and by 17% for steers fed MO. However, there was no reduction (P = 0.25) of DMI during the first week for steers fed the low CIN diet. The DMI then continuously increased (P < 0.05), reaching a plateau at wk 4 such that DMI was relatively stable from wk 5 to 8. There were considerable fluctuations in DMI beyond wk 9 for most treatments. When the data were examined by 4-wk periods, DMI was quadratically affected (P = 0.03) by CIN during the first 28 d because DMI of the high CIN group dropped relative to the low and medium CIN groups.
However, DMI was not affected by treatment from d 29 to the end of the experiment ( Table 2) . As a result, DMI tended (P = 0.09) to be quadratically affected by level of CIN over the experiment. Steers fed MO had a DMI that did not differ from that of the steers fed the control diet over the experiment.
Initial and final BW were not affected by CIN or MO supplementation ( Table 2) . As a result, ADG was not different among the treatments except that the ADG tended (P = 0.08) to be quadratically changed during the first 28 d, such that ADG for the high CIN group dropped relative to the low and medium CIN groups in a manner similar to DMI. Increasing CIN dose linearly decreased (P = 0.03) feed efficiency (kg of BW gain/kg of DMI) during the first 28 d of the experiment, whereas feed efficiency changed quadratically (P = 0.05) from d 29 to 56 (greater efficiency for high CIN than for low and medium CIN) and from d 85 to 112 (concave response with CIN dose). However, overall feed efficiency was not affected by CIN supplementation. In addition, steers supplemented with MO had feed efficiency that did not differ from those fed the control diet throughout the experiment.
Carcass characteristics including carcass weight, dressing percentage, fat thickness, LM area, marbling score, and quality grade were not affected by CIN or MO supplementation (Table 2 ).
Blood Chemistry, Immune Status
Plasma glucose concentrations varied minimally throughout the experiment (Table 3) . Supplementation of CIN or MO did not affect the plasma glucose concentration except for a numerical quadratic (P = 0.10) response to CIN supplementation on d 28 (concave response with CIN dose). Serum NEFA concentration was not affected on d 0 or d 28 by feeding CIN; however, it was reduced (P = 0.05) by 35, 29, and 30% on d 56, 84, and 112, respectively, in cattle fed CIN as compared with cattle fed the control diet. As a result, overall serum NEFA was reduced (P = 0.05) by 22% with addition of CIN with minimal effect of CIN dose. Steers fed MO had a blood NEFA concentration not differing from that of steers fed the control diet, except the last day of the experiment (d 112) where NEFA concentration was 37% greater (P = 0.05). Blood urea N concentrations were not different among the treatments on d 0, but they were 47, 19, 22, and 18% greater for steers receiving CIN (mean of the 3 levels) compared with the control on d 28 (P = 0.01), 84 (P = 0.05), and 112 (P = 0.03), respectively. Over the entire experiment, supplementation with CIN increased (P = 0.04) blood urea N by 18%. Similarly, supplementation of MO enhanced blood urea N throughout the experiment with a 40% increase (P = 0.01) overall compared with the control.
Compared with control cattle, plasma haptoglobin concentrations were greater (P = 0.05) for cattle fed MO and numerically greater (P = 0.12) for cattle receiving CIN (205 vs. 187 µg/mL) on d 0 of the experiment (Table 4) . However, no difference in plasma haptoglobin was observed among treatments on d 28 or 56. Although concentrations of SAA were not different on d 0, the concentrations of SAA were reduced (P = 0.01) by 56, 60, and 56%, respectively, for steers fed medium CIN, high CIN, and MO on d 28. In contrast, the concentrations of SAA were 83 and 59% greater, respectively, with CIN (P = 0.03) and MO (P = 0.05) than with control on d 56. Plasma concentrations of LBP were not affected by CIN or MO supplementation on d 0 or 56, but linearly decreased (P = 0.05) with increasing CIN supplementation on d 28.
DISCUSSION
There is limited information on the effects of CIN supplementation in vivo, and in particular, there have been no studies examining the effects of CIN on the performance of feedlot cattle. Furthermore, in the few animal studies that have been published, results have been conflicting. Increasing doses of CIN were used in our study because there is some indication in the literature that response to EO may be dose-dependent. ·d −1 of eugenol to beef heifers fed a high-concentrate diet increased small peptides plus AA and decreased NH 3 -N concentrations in the rumen with no effects on total VFA concentration or its molar proportions (Cardozo et al., 2006) . However, in a second experiment by the same authors, feeding a greater amount of the mixture (600 mg·animal ·d −1 of eugenol) decreased water intake, acetate proportion, and concentrations of branched chain VFA and l-lactate and increased propionate proportion (Cardozo et al., 2006) . That experiment confirms the in vitro findings of Busquet et al. (2005a) that the effect of CIN on rumen VFA profiles was dose-dependent. In a study with growing lambs, Chaves et al. (2008) reported that supplementation of a diet with 200 mg/kg (approximately 280 mg·animal −1 ·d −1 ) of CIN reduced rumen pH and increased total VFA concentration compared with the control. The low dose of CIN used in our study was greater than the smallest amount used by Cardozo et al. (2006) , but the high level of CIN was less than that used by Chaves et al. (2008) .
The results from our study confirm that the response to CIN is dose-dependent. A low dose of CIN (400 mg/d) attenuated the reduction in feed intake that occurred during the first week and improved feed intake during wk 2 to 5. The medium dose of CIN (800 mg/d) also attenuated the reduction in feed intake that occurred during the first week and improved feed intake during wk 2, but this was not the case with the high dose of CIN (1,600 mg/d). Thus, the low dose of CIN benefited the cattle at the start of the feeding period, but these improvements did not improve overall performance during the entire feedlot finishing period. Monensin was included in the study as a positive control. It is noteworthy that although CIN did not affect the overall performance of cattle, neither did MO.
The reasons for the drop in DMI during the first week of the experiment are not clear. It has been reported that DMI is reduced when animals are stressed (McGuire et al., 1989; Arthington et al., 2008) . Although we did not attempt to measure stress in our study, it is possible that weighing the cattle and blood sampling on the first 2 d of the experiment caused them stress. Lay et al. (1992) suggested that restraint in a squeeze chute was as stressful as hot-iron branding for extensively reared beef cattle. Those authors found that despite a 5-d acclimation period, the handling and restraint elevated plasma cortisol and heart rate of the steers. It is also possible, but unlikely, that ruminal acidosis also contributed to reduced DMI at the start of the experiment. The cattle were transitioned to the feedlot finishing diet beforehand by gradually increasing the proportion of concentrate in the diet. Furthermore, the cattle were fed the final transition diet composed of the same proportion of grain as the experimental diet a full week before starting the experiment, However, it is known that steers might need several weeks to adjust to a finishing diet and that they go through an inflammatory state during the adaptation period (Ametaj et al., 2009) . Additionally, individually penned animals may be more prone to stress. That study showed that isolation of cattle from conspecifics raised plasma cortisol concentrations and modulated other physiological variables (Arave et al., 1974) . The smaller reduction in DMI for steers fed CIN may indicate that CIN sup- plementation partially alleviated the negative impact of stress or acidosis. The trend toward quadratically changed DMI with dose of CIN (greatest DMI with the smallest dosage) during the entire experiment was mainly attributed to the quadratically increased DMI during first 28 d of the experiment because DMI was not different among treatments after d 29.
Increased DMI due to CIN supplementation of the diet contrasts to other findings. For example, Cardozo et al. (2006) reported reduced concentrate intake of beef heifers fed a mixture of 180 mg/d of CIN and 90 mg/d of eugenol, but no change of concentrate intake with a greater dose of the mixture (600 mg/d of CIN and 300 mg/d of eugenol). In that study, intake of barley straw was not affected by small or large quantities of EO supplementation. Busquet et al. (2003) observed a 12% reduction in concentrate intake in dairy cattle fed 600 mg of CIN/kg of DM, but that dose of CIN was much greater than that used in the present study (approximate range of 50 to 200 mg of CIN/kg of DM). The discrepancy between studies is probably due to differences in dose, chemical composition of EO, and experimental conditions. It is apparent from our study that CIN affected DMI during the first 28 d of the experiment in a dose-dependent manner (quadratic relationship), but this response may depend on other important factors such as diet composition.
The effects of CIN supplementation on DMI might be attributed to its modulatory effects on rumen fermentation. Busquet et al. (2005a) observed in vitro that CIN (31.2 and 312 mg/L) reduced the molar proportion of acetate and increased the molar proportion of propionate and butyrate. Cardozo et al. (2005) showed that at low rumen pH (5.5), cinnamon oil, and CIN increased total VFA concentration and decreased acetate:propionate ratio and NH 3 -N concentration, indicating that cinnamon oil and CIN have potential to improve nutrient utilization in the rumen. Furthermore, the lack of effect of CIN on DMI after 4 wk of the experiment in our study may also suggest that the rumen microbial populations adapt to EO. The possibility of microbial adaptation is supported by the fact that the magnitude of the increase in DMI due to CIN supplementation decreased linearly by 23, 12, 12, and 7%, respectively, from wk 1, 2, 3, to 4, with no effect of treatment from wk 5 onward. Similarly, several in vitro studies with CIN and other EO (Cardozo et al., 2004; Busquet et al., 2005b) showed that some of the effects of EO and their main components on rumen microbial fermentation dissipated after 6 to 7 d of fermentation in a continuous culture system. The present in vivo results lend support to the concept of the adaptation of rumen microbial populations to EO, but it also indicates that the time to adapt is much longer (about 5 wk) compared with in vitro fermentation systems. It may also suggest that a small dose of CIN may have improved palatability of feeds. This speculation, however, is not supported by results of another study that supplemented dairy cows with 1 g of CIN in 23 kg of DMI , a dose that is similar to the low CIN concentration in the current study (0.4 g of CIN in 8 kg of DMI).
The quadratic increase of ADG during the first 28 d of the experiment due to CIN supplementation is consistent with the increase of DMI during this same period. However, overall, quadratically changed DMI due to CIN supplementation did not significantly affect ADG or feed efficiency. Few studies have been published on the effects of EO or their constituents for growing beef cattle. The results from our study are consistent with the finding of Benchaar et al. (2006) that supplementation of a beef cattle diet with a mixed EO did not affect the final BW or ADG. Several studies using dairy cows also showed no effects of EO supplementation on DMI, milk production, or milk composition (Hosoda et al., 2005; Benchaar et al., 2007; Yang et al., 2007) .
Failure to improve overall feed efficiency or even to improve feed efficiency beyond the first 28 d of the experiment with CIN supplementation does not support the results of Cardozo et al. (2006) . Those workers reported reduced acetate and NH 3 -N concentrations and increased propionate concentration in the rumen of beef cattle receiving a mixture of CIN and eugenol, which should favor more efficient beef production. However, Cardozo et al. (2005) observed that low rumen pH (5.5) was required to shift individual VFA concentrations when using CIN and cinnamon oil. However, rumen pH may not have been low enough in our animals, as beef cattle can adapt to high-grain diets with increasing time on feed, thereby maintaining a ruminal pH of 6 to 6.5 (Beauchemin et al., 2003) .
The lack of effect of MO on feed efficiency was consistent with the lack of effect of MO on DMI and ADG. Several reviews (Goodrich et al., 1984; Raun, 1990) concluded that in grain-based feedlot diets, supplementation of MO improves feed efficiency by reducing DMI with little or no effect on ADG. Thus, the net effect of MO is to maintain animal growth while reducing feed intake. Failure to observe differences in DMI with MO is in agreement with several studies with feedlot cattle (Erickson et al., 2003; Depenbusch et al., 2008) but contrasts with other studies (Lana et al., 1997; Benchaar et al., 2006) . Various dietary or management factors help explain the variability in cattle responses to MO. Supplementation of MO reduced DMI of cattle fed ad libitum, but not of cattle fed at restricted intake (Loerch, 1990; Benchaar et al., 2006) . Goodrich et al. (1984) indicated that the response of DMI to MO decreased as the energy density of the diet increased. Lana et al. (1997) found that the decrease of DMI with MO supplementation was positively related to dietary CP level. Tedeschi et al. (2003) suggested that highgrain diets shift the rumen microbial population toward more starch digesters, which produce a greater propionate to acetate ratio and less methane, leaving less opportunity for MO to improve fermentation efficiency and thus to improve feed efficiency. In our study, the amount of feed allocated was slightly restricted (i.e., 2 or 3% of actual intake) to ensure full consumption of the top-dress. Therefore, it is possible that the fact that the cattle were not fed ad libitum negated any possible effects of MO.
Information on the effect of EO supplementation on carcass traits of beef cattle is lacking. Chaves et al. (2008) reported that supplementation of lamb diets with 0.2 g/kg (DM basis) of carvacrol or CIN tended to increase liver weight but did not affect HCW, palatability, and flavor of the meat. In another study, Bampidis et al. (2005) observed that carcass characteristics were not changed in lambs fed 0, 102, or 213 mg/d of oregano EO. Lack of effects of CIN on carcass traits is consistent with the absence of the effects of CIN on ADG and feed efficiency in the present study. Furthermore, no influence of MO on carcass characteristics or quality in the present study is also consistent with the recent finding of Depenbusch et al. (2008) . In that study, DMI, ADG, and feed efficiency were also not affected by MO supplementation.
Blood glucose concentration did not differ, but decreased blood NEFA concentration for CIN compared with the control diet indicated that the steers fed CIN were in a more positive energy balance even though the ADG was not different. The response of blood NEFA to CIN supplementation might be due to the quadratic change in DMI, which provided more energy to the animals. The linear increase of blood urea N with time on feed was likely due to a decrease in the protein requirements with increasing finishing time. In fact, the ADG decreased and a shift from growth to fattening occurred as the steers matured. Greater blood urea N of steers fed CIN suggests an increased absorption of ruminal NH 3 -N or a decrease in protein requirements, or both. Increased absorption of ruminal NH 3 -N was likely because overall DMI was quadratically increased with increasing CIN supplementation. Results from previous studies do not support an increase in ruminal NH 3 -N concentration due to CIN supplementation. Concentration of NH 3 -N was reduced (Fraser et al., 2007) or not affected (Cardozo et al., 2004) by CIN supplementation. Supplementation of diets with EO is thought to decrease ruminal proteolysis by inhibiting the conversion of AA to NH 3 (Calsamiglia et al., 2007; Benchaar et al., 2008) . The net effect is to provide a greater flow of AA from undegraded feed protein to the duodenum. Thus, a greater quantity of AA would be absorbed with AA in excess of MP requirements used as energy source. Nevertheless, most published studies examining the effect of EO on rumen fermentation have been conducted in vitro, and the results are inconsistent. Similarly, the reason for greater blood urea N with MO is uncertain. Monensin usually reduces protein degradation and the accumulation of NH 3 -N in the rumen (Tedeschi et al., 2003) .
The release of acute phase proteins is usually attributed to activation of the immune system in conditions like inflammation, tissue injury, and infection (Suffredini et al., 1999). The SAA and LBP directly participate in the detoxification and removal of endotoxin during an acute phase response. The main function of SAA is to bind and neutralize endotoxin and carry it to the liver to be excreted in bile. The LBP facilitates transfer of endotoxin to macrophages or lipoproteins, which results in neutralization of the effect of endotoxin to induce inflammatory responses (Gallay et al., 1994) . Haptoglobin is also increased in plasma when there is translocation of bacteria into the bloodstream. Haptoglobin binds hemoglobin and prevents utilization of iron contained in hemoglobin by bacteria. The latter need iron for their growth and multiplication. The decreased blood concentrations of SAA and LBP with medium and high CIN supplementation in the first 28 d of the experiment suggest a reduction of endotoxin in the rumen fluid, and less translocation of endotoxin into the bloodstream. However, these effects were not evident on d 56, and in fact the acute phase response was greater with CIN supplementation. There was no clear explanation for this apparent contradiction, but it is noteworthy that the acute phase responses were not different between the CIN (medium and high doses) and MO treatments. The greater blood concentrations of SAA and LBP with low CIN supplementation might be explained by greater DMI. Emmanuel et al. (2008) reported an increased concentration of endotoxin in the ruminal fluid with increasing quantity of barley grain in the diet, which stimulated an acute phase response evidenced by increased plasma concentrations of SAA and LBP. Thus, inclusion of a greater proportion of grain and the potential translocation of endotoxin into the bloodstream might explain increased concentrations of SAA and LBP in the present study. In addition, lack of effect of CIN or MO supplementation on blood concentration of haptoglobin is consistent with the results for ADG and feed efficiency. Arthington et al. (2005) reported a negative association between blood haptoglobin concentrations and ADG of feedlot cattle. Other researchers have shown that feeder calf plasma haptoglobin concentrations at the time of entry into the feedlot are positively associated with the incidence of morbidity and subsequent number of medical treatments required (Berry et al., 2004) .
In conclusion, supplementation of a feedlot diet with CIN was shown to help alleviate the drop in intake that occurred at the start of the feeding period, but when examined over the entire feeding period, supplementation with CIN had no effect on overall DMI. Final BW, ADG, feed efficiency, and carcass characteristics were not affected by varying levels of CIN supplementation. Blood metabolites and acute phase response were affected by CIN supplementation, and these changes likely reflected improved energy status of the animals. These results suggest that supplementation of a finishing diet with a small dose of CIN has potential to increase DMI of beef cattle during the early feeding period when stress is increased, but this improvement does not necessarily improve overall feedlot performance or carcass traits. Further in vivo studies are warranted to investigate the effects of CIN on rumen fermentation and interactions with blood metabolites and immune status of the animal.
